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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a magnetic tunnel joining (MTJ) 
device having an antif erromagnetic (AFM) layer and used as a magnetic 
sensor in a magnetic disk drive or a memory cell in a magnetic random 
access array. 

SOLUTION: Magnetic tunnel joining in a sensor 400 includes the 
stacked formation layer of MTJ sensor stripes 403 formed on a first 
shield 460. This layer is composed of an AFM layer 430, a pin 
retaining ferromagnetic layer 420 exchange -biased with the AFM layer 
so as to prevent the rotation of magnetic moment under an applied 
magnetic field, a free ferromagnetic layer 410 having magnetic moment 
rotatable under the applied magnetic field, and an insulating tunnel 
barrier layer 415 disposed between the pin retaining layer and the 
free layer. The MTJ sensor stripe is formed by a parallel side edge 
part, and the front and rear edge parts of an air bearing surface 
ABS. The pin retaining layer is extended from the ABS to the tip of 
the rear edge part of the AFM layer, and brought into contact with 
the first shield, and a path is provided for passing a detected 
current to the tunnel joined layer by bypassing the electric 
insulating AFM layer. 
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mihizm^^iif'^^m.mmm i <n '>-)i^ f ( s 
1 ) t. 

WL, *fi6rts2o^)ffl!iM^. -r^j:i>-hwmti^x/m 
mi^u m,mmmmmmm.^ (af 
M) m. mBAFMmtmiU mmi<r)=^~f\^)'t 

tJj:tXBuiatyih*^BtB9IBi*«<OStc5IS3 10 
(MTJ) -ty^- xhy^rt. 

m-t^mmtmff)m2ff)i^->uv (S2) 

m 1 cr>i^~fi^ H±«l>i£MT J^y^ - xhy^ yff)M 
rSj-rsiH®. teitf|iiat>-±<6l±c^l5IBMTJ-fe:> 
^ xh^^ r<^ms^izmiR^ti. msm i coi^ 

->U]^i5XimBi^y±>ibm^m^2<7)iy~fUVi)^t> 

^m-i>mmti:mx.^m%hy^^fvm^ (mtj) 
*a 1 tci^f^MT J -b yir, 

^ 1 (Cie®cOMT J -b yi?-, 
[ 1 1 K*iN i - F e 

[it*«5] maSB2«>'-;l'K*''N i -Fe3&>*,SJi 
a*Jaifc:IBf8<7)MTJ-b:i^, 

bbe® 2 coi^-;w H ^m^m^xx/m^^mtamzmmt 
m2ff)mffM^ti^ i^tzmt. 

EmWMTJ-by-9-. 40 
[iS*«71 frSAFM«3!)5a-Fe2 03/NiO*»^> 

sss^ns. m^nzsm(7)MTj±y^. 

mmssMmf^ x^±izm^izsm^tvrzT~i!^i: 
mtt&m^hy^)vm^(MTj) -ty^Th-^x. 

mLi-izm&^tifdmmmm i (o i^-ji k ( s 
1 ) 

i^L.iim-ti2-^cotms^.i^j:i>-t>mm3Xif so 
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2 

mm>i:^L. mssjmKm.mmmm& (af 

M) m, BoEAFMltSHStL. fr^lc7)i'-;l/Hi: 
iiJ:tmiet>jJ:i61i:l5iaa6«^^StiiiS$ 

m-^ (MTJ) -b>i>- - xh^-frt. 
m-tmm.mim<om 2 <r>i/-iv h ( s 2 ) t . 

mi«ov-;PH±oirEMT j-fey-t^ • xb^'f r<7)*t 
teiimstyiti^fflicolaifiMTj-iry 

^■xv=7A rmm^(^^zj^^'^i\.. mim 1 cov 
-)v YiiXtsm.>iy^^m:-mm2<r>i^~)v vi)^ei> 
m^immti:^tiMTj-k:y^t. 
MTj-^zy'^nmsiii&T^x^^izmmizmi^ti 

■rs ^^mm^<Dm{m^m:izx o -c* t/>:MT j 

[»*B9] MlBAFM«3&iN i 0*^^>|^;5ixS. S 
[fl^l 01 BaS«sga*^'A 1 203*-^.Sm^^LS. 
1 1 1 1 (Tii^-fU Fj&^N i - F e 

M^tih. m^8izm&<^ ^ X'!' • K^>f:/ - s^x 

[lt*Sl 21 li^2tf5>'-yl^F*>-Ni-Fe*-^>iS 
iS^8(Ci^c7)7'-fX^' ■ K^'fy - i^X 

[it*ffli3ifi^«iajsi:, 
msmKoi^-iuv^mmmajiix/m^miiimzmmt 

-5^1<7)S§^t. 

BiflEm20i^-;l.HSr«g£St5J:tXfi-^^ai3SfcSi^ 
Sm2<7)m^S^t2r$'^>t=fii;i, 

ffiffiiiifcit^ii2i0j/-;PH*>\ y-y^iu ■ j^vrm 

lE^OT-f X^' • Vy^r- vXtA. 

1 4 1 BU^A F MS*<a - F e 2 O3/N i 0*» 

f>w&^iih. m^mizsdm0)T xi^ ■ h^^:/- 

yX-rA, 
[000 11 

[iMH<oa-rsg«r^^»i *i6HH«. --m.izmm:m}' 
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rat. i^wi«^igK^jattas:«-ti.iamhy* 

[00021 

[0003] ±^mrf^X^ ■ K7>f y-Ctt. HRtCM 

R-try-rtPftfixSSa^fiifii (MR) mM*)-tyvt(^. 

MRJi(tJ:oT«l»l§fU:iaEm<7)3$Jgt>J:t^*|6ltiEt 
;tMR«|»il ( tmrSSj ^ rMRx^j<ybj fct 

[00041 m^(r>MR-^ymi. MRmm<7y!SMti^M 
R^mcomtt M Rg^* S: SDMS -b ^ X^O:)^ |pj t 

■n'mmSji (AMR) S!«tc«-:fl>TlM^6, ^ 

[00 0 51 mm^^rffMR^y-^MGlARWkilTFi 
-t^^mmSK (GMR) ^y^-Xhh. GMR-b>-t 

T«. MR«i»W(^iji:<i. ^Hitt^ (x^-^) nzi: 

ni.x/^tiiizm&Lxmfmtim'mm^isii 
vw&M(r>miX^^hx\iymmLmzps\:,x^^ 

[00061 ^mm^ mi\m) i ot^^js 
^ixfijmim^ mt^n i - f e > «2^ofl«o;?ii 

S-^SEfflLJtGMR-fey-^-ttHStxtfy • y^/i/T" ( s 
V) ^^^sv-^y^tmftih, 

[00071 mnz^^mo2\,zX'^xm:^ixii 

mmil 04t>J:Lfl 0 6$■^^-CV^S^a!3^^^0S 

v-ty-t 10 0 y^yMM 120 ti^msn 
i^att«<7)mJi, -fiitc^ett (AFM) mi 
25tc)-^!m^{zX'>xm. (tyjhW)) $fti., a 

ill 1 0i:i^mSlg2cO3S!aeS<^®^is 
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astt. m^^:^^-- 1« 1 1 5 tc J; oT eyit*« 1 

20i}^t>^m^tlh. Sga5^«10 4feJ:tXl0 64'fc 

-e<i-?iij^«§<TJt>'N-H • A'-f Txai 3 ofcitxi 

3 5»i. i*«l 1 Otif^riSi^NMrxSriSfiH-S. >n 
-H • ys'^Txai 3 OtJit^l 3 5±t-^n-fiXjg« 
$<15t!J-mi4 0iJ<l:t;fl4 5«. SV-«:>iJ-10 
0i^SiSr«!3art-S«»«i^5rgfiW-2>. mHiZi 0* 
l6HB<7)-a5fc5t&T-f--- (Dieny) fllLtft-^^iT^ 
10 IBM<i^BiHflFll5 20 6 59 0^tC»i. SVJsyRfc 
«-^t^Ti)f^S GM R-b yih&«IB5^$ixT v^l. . 

[00081 mmm*<m<r)-? ^ rm^^fu x\t 

A'u rm^zi. ->x^^^tut 2o<o3S^^8tts$■^^•cv'> 

'f-:hmifihy^)vmki)m:ih\iii-\-m\^. vy^)V 
w^mMV^xyfym^^x^h'o. 
20 y:^)i'm^wumm.'mm<nx\^y^'m=mmz 

s . MT J -fe y-tT'tt . -':tj<mm&m<m%=f:-ji y 
hii'm.^ti. m(ommm<r)m^=e:-jiyvi:aeM 
nm^i^(o!^[^^ m^m^) izmtxmtzjm 
-tizbt^T^s,. 2-ymimmmzmmmi.tim 
-tyvcomii. ^<mmmwimmm±<7)vy 

immmiz^h h y*;l^^S5E{i2o<7)3IB(tta 

30 <^mmiuj\pnzmm-i<^x\ ^^tvt^T-^^m 
fmm^i^mMUi>zti/iX'^h. utm. m^^^z 

•>)-<7m}UmitL. ^ixizmtxmi^tvtc^ti::li 
-Ut^tHfyyff- (Galla^) ffifcft-^$iT;t I B 

Mcomm^fm 555095 smz\i. mss. h y:^)um 

[00091 02t. ^l«0«fii204i:B2<0««i2 

40 Qi2>:.yy^}i' ■ )^^)rm2\'=>h^istsWkmn 3 

•fe>-9-2 0 0$^Srr. mi<^«Bi2 04<itfy±«>l 
(e>±«>3iaiiM) 2 2 0. R5i)att(AFM)M2 
3 0. ^3J:l^s^-^-S24 0Sr-^^•CV^S. tyih«^>« 
2 2 0<?3iafl:{iAFM12 3 0i:<7)^^fe^tJ:-,-c@ 

^stii.. ii2ossi2 0 2«s*® (assiatts) 

2 10^3J:t^#■V•/7•il2 0 5i&^^•e^^-&, S4«2 

1 oi«Natt«ajeiiihy*;i- • ^N'»jr«2 1 5tcj:-5 

•C t 2 2 0*- ^>^«$iiS . ^ha® W^rv ^ 

^. e*S2 1 ^mmt. ^^2 1 2-c^$iis:fri6i 

50 ^rltOt^TV^I,. •«rip-^«lL-C^9I2 2 2 (5^EP<7)M^ 
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©2 0 2 timLX'i:ii^iim^^tif::m l <0'J- m 
m^m2 7 0i}^{,MTJ-ty^2 0 0^Wx?>i:iibcon. 

m^mi^tt. mi(ov-m26ot5Xiff^2m 
- His 2 6 5 izn^m^ivku^trnm: ( p rm d f- 

S2 8 0H. n■umn^zx*)S^2lO'i*^z±tt:^ 
itizimthimco^itmm-h. lo 
[0 010] 03 ^^3fefe^g<oMTJ•fey1^2oo^o 

^'>^Ti;y^^t:*tLTtt^l^rKffi0&^. MTJ 
-bi^200Ji-t>i?-- XMi •yr29 OS^^^■Ci^ 
0, ^y^- Xhy^r2 9 0{i.ABSff)t:i^tzim 

1 5(r>mMiz^ r>xm&^tif:imM2 9 2tx'mc/ 

h. U-m260. 2 6 5tt. giam^Is36^>i^* 
yi-- >'N'»JT«2 1 5t5tUTiIft^^ri6i(3^S;^^a6«o 

b7'f7"2 9 0<0l^lSP2 9 2Oh>':f;l'- AijrS« 20 
a t> 0 t:«8aiSi£)!p^-r S BSC. 
[OOlllMTJ-fe: h ^^^l' ■ 

:tWc:fiya§*l.&AFM«t:'&S, Mn-Fe{±. Jjlff 
■r6R^®ttlS5-CS)S . L*-L5:*><J> . M n - F e 

^^S:tA6tt±M* L<=5:v\ -&\m-m.^^^hm 
AFMtJISKiN i Ofcit/a-FezOs/N i O^fiB 
TfeS***, iil^>£OAFM«^if|^^T$)>), L 
fc3&»'-5 Xl^^m^if 'J - h-Ml^'a^<7)MT J -fe >"91S 

jg&W-ri. • ^^''Jr«t^^LT^t«^:^^|i^tS[ 
[00121 \^y^^m<m.^^'m:^hti^\z^m^ 

ilSey^i^at, «V^WAttS:#tSN i O^a-F 
e203/NiO^:i:«S^SAFM<^^S:ffiffl^|>C: 40 

[00 1 3] 

MiffiSiAFM®S:rfsiamfitShy4.;k«f^ (mt 

[00141 i$.%mrm<r)^Mt. N i o*»/s>Sjit3t 
A F Ma^*-ri. MT J -fey-^i&SSK-r S C: fc Tfe s , 
[00151 *%BBcOfl!j<7)BWJi. S^«5»AFM1$- 
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[0016] 

i:. Stl«irt&2oc7)fflOi^, -«r*>t>ABS^B(0^ 
a5tJJ:tmSa!fc?:-^tfMTJ-b>-<h!)<ga3^§nS. -fe 

• N i o, w.wmmmwiP^.'p 

ISJ^&M®) (Tj^^cO^lc^atti^-yl-FtmS^ 
LT. «i»l«SS*5«^«SigAFMa^A'>fys'x-rS:ti^ 

^> b y:^;!' • A y TfliJ it^MT J -fe ■ h ^ r 

coei®^«iffiLT. MTj-feyircos2c7)mmy-K 

[0 017] MTJ-tyi^ti. v'— Kfl. AFM^. f 

5:^^■C^^-I.. KBiJilXAFMBS-ft^^-e^ 

AFMfl5-fey-9-- Xh^^T£0^^<7)5tt:Slf 
S A F MftigS^^-r S i 3 :f h y y 7 -f {ci 

-^Xm^h, tfy±*>^?aiMi^AFM«±, AMF 

^^±iJ itfm 1 <ni^-iv Y t m^JBrr 1 coi^ 
vyyy ^ izX-yX^^^-ym^LX. MTJ-fey<^- 
Xb^>fr2rSoTV^S7:rM/i^'Xhi£r^L. MT 

j-byi?- ■ X h 7>f r<7)|g2coa«it«^i!!!rrs^ 
etf^m 2 co>— yw H 5- MT J -b y^±{c#^§ 

[0018] *^C0MT J -fe y^m&XM. S 1 15± 

t/iB2<7)g$aEtti^-;i.HUi, ^mmx'sihixx\^ 
tkthfz^yffym.') - Ymmnsk-th , ^<oiusg®-e 

ffiffl$tlSAFMa{iSm«SttTS>l.<0-C. -byif- 

i: Mt & c: fc C J: 0 M T J -fe yiJ-iO^ 1 corns 

^mimwmi!^i.hti?>, mtj -ty^c^tmm 
mtixxf-ty^ ■ X V yAr<rmmoymmmm 

Wi, W&W&vWct»fM<ni/-}\'Y):.W.2(r>-^-)V 
Y<r>Wi V y^)V ■ Ay TScoth*)i,zj/i'^'tt<r>{:f^ 

[0019] mrmmTii. m ttfzimi&<r>^jt 
■f^^xmtmm^xTFCt. 

[0020] 
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tga»T-<x^3 1 23^l^xeyK;^3 1 4±tcSj^S 

T-r:^^' • K7-<:/ t-:5'3 18*cJ:-pTIBltef 10 

[00 2 2] ^!?=5:<i:i) loc0X7^r3 1 3ifir^7. 
^'3 12±fc:fi[aLTt5»). #X7>fr3 13«lo^ 
fc{i«S«^)!S^JR0/»3=^^ / K 3 2 1 Jr^LT 
V^S. 'v-y K3 2 l{l*l6BBc7)MTJ-k>-9-^a;^iLaX 

x^*iS3 2 2±^^:*r[ifi«t>J:t^J'HHtB^, 

J: O'vy b- 3 2 1 JMa^OT-:5'3!(J^Sfi.TV>S 20 

X5'f^^313«-9-X'<>-i/a>'3 1 StCioTT:?^ 
jlX-^' • T-A3 1 9tCjX0Wt^.*l.l.. ■9-X'<.:xs^ 
3^31 5ttx X^^ffi3 2 2ic:Jt fCX5^ ^^3 1 
35:>'^MTX■rSi)-f*»^rl^^a:J3&^x.S. ^T^'^a 
X-^' ■ T-A3 1 9liT^^jLX-;J'3 2 7JClZ')ft 

d^>fx • 3>f;p- 1-^ (VCM) «^::ki>s>s. vc 
•3. 3'f7KOl(i§<o:friiji>J;tme»i3>'hD-7 3 2 30 
5. 

[0023] T'-f J^^^Eiii^XxAcOiftf^*, X 
312«7)|5Itefc:J;0. :^7-f:5^3 13 ('v.yK3 2l5: 
i&7iif>'yf<:f^'7 3 1 2c7)^ffi{Citl6]-rSX5>f ^3 1 
3<7)affl2r^'<:T'Jy^ (ABS) t^^) tXy 

2i:<^Sfc:^'<.r'J>'^'*5±t.S. L^*>'-?T. ^ 
'^T'J y^{4. ■9->C'<.yv3 1^3 1 5<oh-n)^\ii3i:h 
imtL. X7>f ^3 1 32:a^lW^4'»=/h$V\ 40 

[ 0 0 2 4 1 T -f ;^^'E1ivXf-A<0«>!?^:lS^^ 

M3 2 9«cJ:-oT^$n/v:$!lfflHi^t ioTlMP+C 
-«tc. »J«igS3 2 9J4^l«iJfflllllffi. 

»Jfflli^g3 2 9«1, «13 2 3±W®lftt-^®Jfflim^ 

«[3 2 8±<7)^y mmm^^xt/i^-i:^mmm^ 
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S3 2 8±(^ffllfl^*4, X7-f^^313?: 
T 3 1 2±<?)0ratf5x-:J' • h 7 -/ 

th, ^f-^:t«;l^3 2 5fcJ:->TSEBSl')fcJ:t/»2^ 
«^*mO/«a»'v>y H3 2 1 tcOSTteS^ii 

[0025] i^mt^^mScf^Xi^W&iyXy-ACOlM 
ff)Wm. fcJ:tXg^<7)04fcit^5JilgS^<^^46<Ot> 

-^'{iv K 7 ^^^^f S c: fc *«-C# ^ t 

[0 0 2 6] 05 1:, MTJ^O'Vy FfiBfcit^ 

&^i'v>y K 3 2 1 comum^^^. 'V / F 3 2 U4 
7>yr$tl.TABS5rJgjSt-S. SaXO'v y F»4. ^1 
(r>i^—)VY^ms 1 tl|2<0i^— /I^KflS 2c7)S{c:iia$ 
iutMTJ-b>-9-34 OS:^^T-V^S, |gl«0>'-;l'F 
as 1 t|g2iOi/-;l^KaS2£7)^TMT J-byih!)»^> 

m^^y v\i^^)mctimm i n 2 

X-m. 3>f;l.aci:»igSIN2»4iffi««INlfc« 
^ I N 3<m\.z^^ixXii 0 . ttiigfl I N 1 fcffiMI 
a I N 3 Jim 1 iOfiifr P 1 i:ll2 iOgfr P 2 iO^tcEB 
^ntV^S. mi«0ffi>^-PlfcSI2<0ffifrP2<:0Sfc: 

mS^^^ >y r^-^i-S^-r -y r«G 2*SEffi$nTt^ 

05fc^$*l.Ste-^^O/'«j2^'^y K3 2 1 
{4. SaX'?'vyh'iOl|2<5Di/->PH^S23i)5SS^^-y 
HfflcO|gltf5ffin-Pl tL-TiSffl^/lTV^S (ne 
rged) J '^■y YXhh . 

[ 0 0 2 7 ] H6t:. Lv^HSfeJgStiiS 
MTJ-fey9-4 0 0«0^'<.Tyy:/ffl (ABS) COH 
MTJ-fe>-9-4 0 0{±, 4>ifc®iS4 6 2t:J:-:> 
T5Ufc:^)-^;^iTJt^^«iS4 6 4tJ ±1/4 6 6 S-^A 
T'l^S. MTJ-byir4 0 0c7)Stt^iSt44'*fBiS4 6 
2rt{Cjg{£$il>tMT J-«:>-9- ■ Xh5>fr4 0 3-r-S) 

MTJ^r:^ - Xh7-f7'4 0 3J4, 
(nm^AOl. 408tABS<0fr»a4 9 lUStlPl 

-Thwm im^) t^^hmLxmimmi 

MTJ-feyi^- Xh7^r403{4IBl<0«fii 
4 04. ||2O«ffi4 0 2. tJ<kt/lgl<Dmfii4 04t 
m2<:0«S4 0 2<^^t:iiM§n3th>'*;l/ ■ >'N'Uri 
4 1 55:^^•CV^S. l|lcoSli4 04«ty±i6l4 
2 0. AFM^4 3 0fcJ:^Jfv-Ka44 05r^^•pt> 
"5 . e>'±i6«4 2 0 {4 h >'^^;^ • TS4 1 5 i: A 
FMH4 3 0coSlc:Effl$^lTiJ'9. AFMa4 3 0t4 
t:>±i6a4 2 0 i: i/'- ^^4 4 Ocrj^tSJE^il-TV^ 
m2c0®ii4 0 2{4gft«4 lOlSitJfdf^-yr® 
4 0 5^^^T'iJO, aM4 1 OJih^^yP-'N'UT 
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[0 0 281 AFMl4 3 0Jit;Vil:i6®4 2 0tC^ 

[0029] ^^mmt t\'^mmm-cii. mt j-t 

y^- :^hy^y'4 0 3iimi<o>'-fUY (si) 46 

0 ±0«f 5Wa«4 6 2 rt tJgjSSilS . H 1 <Di^~Jl Y 
4 6 0«. Ni-Fe (yN--70^ ) . J>|.V^JiA 1 - 

Fe-si (-fey^xh)^: nmsmmimmTh 

0 . 4'i*HS«4 6 2}5XX/^mm4 6 4t5 J:tX4 6 6 
±fcgtXT. MTJ-by-9-^SiaaKlf*»'5>lSaE»jiiR-r 
5. Sgg5ffl«4 6 4tJJ:t/4 6 6rttJJ:t^MTJ^ry^^ 

■ X h ^-f r4 0 3aym^<^hiz\iA 1 2 03^:fc'<7) 
s^stf?k7)^s«4 5 03!rg^j£$ti.s. nmmA 5 

0±£7)^gSS®iSrt4 64t>J;t/4 6 6±, fcit^MTJ 
- Xh^-f 7-4 0 3±C04'*^4 6 2rtt:{iN 
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